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Renal venous Doppler ultrasound - a new parameter for predicting
outcomes in patients with decompensated heart failure
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ABSTRACT

Aim. To assess the frequency, dynamics, and prognostic value of renal venous congestion using Doppler ultrasound
in patients with decompensated heart failure (DHF).

Materials and methods. A prospective, single-center study included 124 patients with DHF (mean age 70 + 12
years, 51.6% were males), left ventricular ejection fraction (LVEF) 44 [34; 55] %, N-terminal pro B-type natri-
uretic peptide (NT-proBNP) 1,609 [591; 2,700] pg / ml. All patients underwent a standard physical examination
and laboratory and instrumental tests, including the assessment of the NT-proBNP level. Renal venous blood flow
was assessed using pulsed-wave Doppler ultrasound. The presence of continuous renal blood flow was considered
as the absence of venous congestion, while intermittent blood flow (two-phase and single-phase flow) indicated
venous congestion. Rehospitalization for DHF and reaching a composite endpoint (rehospitalization for DHF and
cardiovascular mortality) within 12 months after discharge were selected as endpoints.

Results. At admission, continuous renal venous blood flow was observed in 34 (27.4%) patients, intermittent renal
venous blood flow was found in 90 (72.6%) patients: two-phase flow in 62 (50%) and single-phase flow in 28 (22.6%)
patients with DHF. At discharge, 66 (53.2%) patients had intermittent renal venous blood flow: two-phase flow in
50 (40.3%) and single-phase flow in 16 (12.9%) patients. Correlations of renal venous congestion with the levels
of NT-proBNP, serum iron, uric acid, creatinine, LVEF, systolic pressure in the pulmonary artery (SPPA), and
the development of acute kidney injury (AKI) were revealed. Persistent renal venous congestion at discharge was
significantly associated with a higher probability of rehospitalization for DHF (hazard ratio (HR) 1.93 95% confidence
interval (CI) (1.017-3.67); p = 0.044) and a composite endpoint (HR 2.66, 95% CI (1.43-4.96); p = 0.002).

Conclusion. In patients with DHF, it is necessary to evaluate renal venous blood flow using pulsed-wave Doppler
ultrasound to stratify patients with development of cardiovascular complications within 12 months.
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NMouyeyHasn BeHO3HaA ponnneporpadusa — HOBbIN NapameTp
ANA NPOrHo3MpoBaHNA NCXOAO0B Y NaLMeHTOB C iIeKOMMeHcaunen
XPOHNYECKOIN cepAeYHON HeA0CTaTOYHOCTIN

Ko6anasa X.[.", Ca¢apoBa A.d." 2, AcnaHoBa P.Lll." %, Bauuk-Fopogeukasa M.B.2

! Poccuiickuil ynugepcumem opyaicowl napodos (PYH)
Poccus, 117198, . Mockea, yr. Muknyxo-Maxknas, 8

2 F'opoockas knunuveckas bonvhuya um. B.B. Bunozpadosa J[3M
117292, Poccus, 2. Mockea, y1. Basunosa, 61

PE3IOME

I.[e.m;: OLICHUTHL YaCTOTy, AMHAMUKY U HpOFHOCTI/I‘IeCKOG 3HAYCHHUEC ITOYCYHOI'0 BCHO3HOI'O 3aCTOsI, OLICHCHHOI'O
C IMOMOIIBIO nonrmeporpa(bnn, y IIAIIUEHTOB C IIeKOMHCHC&HHCﬁ XpOHH‘IeCKOﬁ cepnequﬁ HEOOCTATOYHOCTHU
(IXCH).

Matepunajbl 4 MeTOAbl. B IMPOCIIEKTHBHOE OJHOIIEHTPOBOE HCCIENOBAaHHE OBUIM BKIIIOYEHB 124 mamumeHTa c
JXCH, B Tom uncne 51,6% mysxuuH, cpegauii Bospact 70 £ 12 net. [lanueHTsl nMenu ciaegyromie NoKa3aTelm:
¢paxnus BeiOpoca nesoro xemynouxa (OB JIK) 44 [34;55]%, N-TepMuHanbHbIi MO3roBOi HaTpuitypeTHdecKkuit
nentug (NT-proBNP1609) [591;2 700] nr/mi. Beem naipeHTamM IpoBOAMIN CTaHAAPTHOE (pu3nvecKoe, Jabopa-
TOPHO-MHCTPYMEHTAIbHBIE HCCIIeA0BaHuUs, BKItodas ypoBeHb NT-proBNP. OreHky mouedyHOro BeHO3HOTO Kpo-
BOTOKa MPOBOJHIN C MOMOIIBIO MMITYJIbCHO-BOHOBOI Jommieporpadun. Hanuune HenpepbIBHOTO MOYEYHOTO
KPOBOTOKA PaclieHWBAIM KaK OTCYTCTBHE BEHO3HOTO 3aCTOs, B TO BpPEMs KaK MPEPBIBUCTHIN (ABYyX(a3HbIH U 0HO-
(a3HbIil KPOBOTOK) yKa3bIBaJl HA BEHO3HBIN 3acTOH. B KauecTBe KOHEUHBIX TOUYEK OBLIM BHIOpAaHBI MOBTOPHAS TO-
cnuranuzanys no nosoxy JAXCH u noctrxenne KOMOMHUPOBAHHON TOUKH (perocnuranu3anys no nosoxy JXCH
U CeplIeYHO-COCYANUCTast CMEPTHOCTh) B TeUeHHE 12 Mec mocye BBITUCKH.

Pe3yasTatsl. [Ipy nocTyIUIeHUH HEIPEPHIBHBIN MTOYEUHBII BEHO3HBI KPOBOTOK oTMevaics y 34 (27,4%), npe-
PBIBUCTBI OYCYHBIH BEHO3HBIH KpOBOTOK — ¥ 90 (72,6%): nByxdasusiii — y 62 (50%) u omHoba3Hbiil — y 28
(22,6%) nmaumenToB ¢ JIXCH. Ilpwu Beinucke y 66 (53,2%) nanueHToB COXPaHSUICS MPEPLIBUCTBII ITOYSYHbIN BEHO-
3HBIN KPOBOTOK: ABYyX(a3ubiid —y 50 (40,3%) u onqHodazuelii — y 16 (12,9%). BrIsBlieHbI KOPPEISALUH IT0YEYHOTO
BEHO3HOTo 3actosi ¢ ypoBHeM NT-proBNP, ceiBopoTO4HOro xene3a, MO4eBOH KUCIOTHI, kKpearnnuHa, @B JIK,
CUCTOJIMUECKOI'0 JaBJICHHUS B JIETOUHON apTEePUU U Pa3BUTUEM OCTPOIO MOUEHHOI0 NoBpexaeHUs. COXpaHsIOMMH-
Cs1 MOYEYHBIN BEHO3HBIH 3aCTON IPH BBIIIUCKE JJOCTOBEPHO aCCOLIMUPOBAIICS ¢ O0jiee BEICOKOH BEPOSITHOCTBIO 110-
BTOpHOI rocruranu3aiuu o nosoay JIXCH (otHomenue puckos (OP) 1,93 95%-it moBepuTenbHbBII HHTEPBAT
(an) (1,017-3,67); p = 0,044) n xomOuHKMpoBaHHOM KoHeuHOI ToukH (OP 2,66 95%-it 11 (1,43-4,96); p = 0,002).

3axmouenne. Y nanuertoB ¢ IXCH nenecooOpa3HO OLEHMBATH TOYEYHBIH BEHO3HBIH KPOBOTOK C IMOMOIIBIO
HMITYJIECHO-BOJIHOBO# JONIIIeporpaduu Ui CTPaTU(PHKALINY MAIIAEHTOB C Pa3BUTHEM CEPACIHO-COCYTUCTBIX OC-
JIO)KHEeHHI B TeueHne 12 mec.

Kimouessle ciioBa: [IXCH, nouyeynblii BEHO3HBIM KPOBOTOK, ITOYEYHbII BeHO3HbIN 3acTOl, NT-proBNP

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢puHAHCHPOBaHUSA. ABTOPBI 3asBIAIOT 00 OTCYTCTBMM (MHAHCHPOBAHMS IPH NPOBEACHUH HCCIIENO-
BaHUA.

CooTBeTcTBHE MPUHINNIAM ITHKH. Bce manuenTs! noanucany HHGOPMUPOBAHHOE COTIacHe Ha y4acTHe B HCClle-
noBaHuy. MccnenoBanust 0100peHo JIOKaIbHBIM 3THYeckuM KomuteToM PYJIH (mpotoxon Ne 6/u ot 16.11.2021).

[ nurupoBanus: Kobanasa XK. /., Cadaposa A.®., Acranosa P.111., Baruk-I'oponenxas M.B. [loueunas Be-
HO3Has Jonmieporpadus — HOBBIH MapaMeTp /Ul MPOrHO3UPOBAHMSA MCXOJOB Y IALMEHTOB C JIEKOMIIEHCaLHeil
XPOHHYECKOH CeplIeuHOl HeI0CTaTOYHOCTU. bromtemens cubupckou meouyunsl. 2023;22(2):53—-60. https://doi.
0rg/10.20538/1682-0363-2023-2-53-60.
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INTRODUCTION

In recent years, cardiorenal interactions in patients
with decompensated heart failure (DHF) have attract-
ed increasing attention due to a significant increase in
the prevalence of combined cardiac and renal dysfunc-
tion. The frequency of deterioration in the functional
state of the kidneys in patients with DHF is 45-63.6%,
and it is an unfavorable prognostic factor leading to
repeated hospitalizations and an increase in the car-
diovascular mortality [1].

Currently, the role of venous congestion and an in-
crease in central venous pressure in the deterioration
of kidney function in DHF is being discussed [2]. Un-
til recently, the diagnosis of renal venous congestion
presented certain difficulties due to the invasiveness
and laboriousness of the study.

N. Iida. et al. were the first to propose a method
for assessing renal venous blood flow using Doppler
ultrasound. P. Nijst et al. revealed the relationship
between changes in the nature of renal venous blood
flow using this technique and deterioration in kidney
function in patients with DHF and recommended it to
control diuretic therapy in patients with DHF [3, 4].

Currently, there are no universal criteria for de-
tecting renal venous congestion, which emphasizes
the relevance of studies to compare the clinical and
prognostic value of the proposed method in patients
with DHF.
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( only diastolic phase)( systolic/diastolic phases)

The aim of the study was to assess the frequency,
dynamics, and prognostic value of renal venous con-
gestion in patients with DHF using Doppler ultrasound.

MATERIALS AND METHODS

A prospective, single-center study included 124
patients hospitalized at the Heart Failure Center of at
Vinogradov City Clinical Hospital from December
2020 to December 2021 (Table 1). Exclusion criteria
were malignant neoplasms in the active phase, severe
valvular defects, and somatic symptom disorders.

All patients underwent standard clinical and labora-
tory tests, including determination of N-terminal pro-
brain natriuretic peptide (NT—proBNP) (Vector-Best,
Russia). The Stagnation Scale was used to assess clin-
ical stagnation [5]. An ultrasound examination of the
heart and renal blood flow was performed using the
VIVID E90 premium system (GE, Healthcare).

The nature of the renal blood flow was assessed us-
ing pulsed-wave Doppler ultrasound with the patient
lying on the left side using a convex or sector sensor
with simultaneous ECG recording on the monitor of
the device. Normally, the Doppler renal blood flow
curve is continuous. A discontinuous renal blood flow
pattern with systolic and diastolic phases (as a minor
deviation) and a discontinuous flow pattern with a dia-
stolic phase (as a pronounced deviation) were consid-
ered as venous congestion (Fig. 1) [6].

Fig. 1. Algorithm for the ultrasound assessment of renal venous blood flow
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Table 1
Characteristics of patients with DHF, n = 124
Parameter Value
Gender, men, n (%) 64 (52)
Age, years, M = SD 70 £ 12
BMI, kg / m?, Me [IOR] 32.4[27.7; 38.35]
Smoking, n (%) 23 (19)
Arterial hypertension, n (%) 110 (89)
Ischemic heart disease, 1 (%) 65 (52)
Atrial fibrillation, n (%) 73 (59)
Type 2 diabetes mellitus, n (%) 43 (35)
CKD, n (%) 91 (73.4)
AKI, n (%) 29 (23.4)
NYHA, FC, n (%)
I 28 (22)
I 54 (44)
v 42 (34)
Stagnation Scale, score, Me [IQR] 9[6;12.5]
LVEF, %, Me [IQR] 44 [34; 55]
LVEEF:
< 40%, n (%) 48 (38.7)
41-49%, n (%) 23 (18.5)
> 50%, n (%) 53 (42.8)
SPPA, mm Hg, Me [IQR] 48 [34; 60]
Renal venous blood flow pattern:
continuous, 7 (%) 34 (27.4)
discontinuous, 7 (%) 90 (72.6)
two-phase, n (%) 62 (50)
single-phase, n (%) 28 (22.6)
NT-proBNP, pg / ml, Me [IOR] 1,609 [591; 2,700]
Creatinine, pmol / 1, Me [IOR] 103.5 [84; 125]
GFR, ml/ min/ 1.73 m?, Me [IQR] 54.3 [43; 67.4]
Blood potassium, mmol / 1, Me [IOR] 4.35[3.9; 4.6]
Urea, mmol / I, Me [IQR] 7.415.3;9.7]
Uric acid, mmol / I, Me [IQR] 438 [327; 570]
Iron, mmol / 1, Me [IQR] 6.9 [4.4;12.1]

Note: BMI — body mass index, AKI — acute kidney injury, SPPA —
systolic pressure of the pulmonary artery, GFR — glomerular filtration
rate, LVEF — left ventricular ejection fraction, FC HF — functional
class of heart failure, CKD — chronic kidney disease, NT -proBNP —
N-terminal brain natriuretic peptide (here and in Table 2—4).

On admission

N=34

All patients received standard HF therapy during
and after hospitalization. The duration of follow-up af-
ter discharge was 12 months. The assessment of short-
term and long-term outcomes was performed using
the EMIAS database. Rehospitalization for DHF and
death from cardiovascular complications during the
follow-up period were selected as endpoints.

Statistical analysis was performed using Statistica
(version 10.0; Statsoft), MedCalc Software’s VAT
Version 19.0, and SPSS (version 26.0). Quantitative
data were presented as the arithmetic mean and the
standard deviation of the mean M + SD (for normal
distribution) or as the median and the interquartile
range Me [IQR] (for non-normal distribution). The
significance of differences between the two groups of
quantitative variables was assessed using the Mann —
Whitney U-test and the Kruskal — Wallis test. Qual-
itative variables were represented by absolute and
relative values n (%). To compare the groups by the
frequency of qualitative variables, the Pearson’s chi-
square test (y2) was used. The survival probability
was estimated by constructing Kaplan — Meier surviv-
al curves; comparison was made using the log rank
test. Univariate and multivariate Cox regression anal-
ysis models were used to assess the predictive value of
different methods for the risk of death from or rehos-
pitalization for DHF. The differences were considered
statistically significant at p < 0.05.

RESULTS

On admission, the incidence of renal venous con-
gestion in patients with DHF was 72.6%; at discharge,
renal venous congestion persisted in 53.2% of patients.
The dynamics of renal venous blood flow during hos-
pitalization is shown in Fig. 2.

At discharge

Continuous flow

62 (50%)

Two-phase flow]
—

H

Single-phase flow | 28 (22.6%)

—

—

50 (40.3%)
—

ﬁ
16 (12.9%)

Fig. 2. Dynamics of renal
e ______J venous blood flow
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At admission, patients with renal venous conges-
tion had significantly higher incidence of CKD in
history, development of AKI during hospitalization,
higher levels of SPPA, NT-proBNP, and uric acid, and
lower serum iron levels compared to patients without
renal venous congestion (Table 2). Table 3 shows
comparative characteristics of patients with chang-

es in renal venous blood flow at discharge. Associ-
ations of renal venous congestion on admission and
discharge with the studied parameters are presented
in Table 4. The Cox regression analysis demonstrated
an independent predictive value of renal venous con-
gestion in relation to rehospitalization for DHF and
achievement of the composite endpoint (Table 5).

Table 2

Comparative characteristics of patients with DHF with the absence and presence of renal venous congestion at admission

Parameter

Patients without renal venous congestion,

Patients with renal venous

p

n =34 congestion, 7 =90
LVEF
<40%, n (%) 11 (32.4) 37 (42.2) 0.045
41-49%, n (%) 3(8.8) 20 (22.2) ’
> 50%, n (%) 20 (58.8) 32 (35.6)
Stagnation Scale, score, Me [IOR] 6 [4; 8] 11[7;13] 0.000
SPPA, mm Hg, Me [IQR] 34 [27; 40] 56 [40; 62] <0.000
CKD in the medical history, n (%) 18 (52.9) 73 (81.1) 0.001
AKL, n (%) 2(5.9) 27 (30) 0.004
Nt-proBNP, pg / ml, Me [IQR] 482.5[339;2,109] 1,699 [1,065; 3,131] 0.000
Creatinine, pmol / 1, Me [IOR] 88 [74.7; 105] 109 [89; 134.6] 0.000
GFR, ml / min/ 1.73m? 57.35[50.8; 75] 53 [38;61.9] 0.018
Urea, mmol / 1, Me [IQR] 6.35[4.72; 8.6] 7.66 [6.32; 10.5] 0.020
Uric acid, mmol / 1, Me [IOR] 382.3 [285.1; 514.2] 501.63 [365.8; 587] 0.040
Potassium, mmol / 1, Me [IOR] 4.2 [3.75; 4.55] 4.4 [4.05; 4.76] 0.027
Iron, mmol / 1, Me [IQR] 10.86 [7.25; 15.17] 6.99 [5.32; 11.1] 0.023
Table 3
Characteristics of patients with DHF with changes in renal venous blood flow at discharge
Parameter Persistence of continuous Frorp discontinuous to Persistence of discontinuous »
blood flow, n = 34 continuous flow, n = 24 flow, n = 66

Gender, men, n (%) 14 (41.2) 15 (62.5) 35(53) 0.26
Age, years, Me [IOR] 75.5 [68; 81] 67 [62.5; 72.5] 71.5 [64; 81] 0.125
Arterial hypertension, n (%) 31 (91.2) 23 (95.8) 56 (84.8) 0.300
Ischemic heart disease, n (%) 19 (55.9) 14 (58.3) 32 (48.5) 0.634
CKD, n (%) 18 (53) 21 (87.5) 52 (78.8) 0.004
AKI, n (%) 3(8.8) 5(20.8) 17 (25.8) 0.018
Atrial fibrillation, n (%) 18 (53) 13 (54.2) 42 (63.6) 0.513
Type 2 diabetes mellitus, n (%) 9 (26.5) 10 (41.7) 24 (36.6) 0.447
NYHA, FC, n (%)
I 9(26.5) 7(29.2) 12 (18.2) 0.148
11 18 (52.9) 11 (45.8) 25 (37.8) '
v 7 (20.6) 6 (25) 29 (44)
LVEF, %, Me [IOR] 52 [38; 58] 42 [33; 49] 44 [34; 55] 0.613
LVEF, n (%)
<40% 11 (32.4) 9(37.5) 28 (42.4) 0.017
41-49% 3(8.8) 9(37.5) 11 (16.7) '
>50% 20 (58.8) 6 (25) 27 (40.9)
NT-proBNP, pg / ml, Me [IOR] 482.5 [339; 2,109] 1,670.5 [905; 2,429] 1,700.5 [1,140; 3,412] 0.002
Creatinine, pmol / 1, Me [IQR] 88 [74.7; 105] 108.5[95.27; 130] 109 [87; 137] 0.001
GFR, ml/ min/ 1.73 m?, Me [IQOR] 57.35 [5-78; 75] 53.7[45.57; 59.7] 53 [35.9; 66.7] 0.061
}[311523 potassium, mmol /1, Me 4.2[3.72; 4.55] 4.35[4.05; 4.6] 4.41 [4.08; 4.77] 0.075
Urea, mmol / 1, Me [IOR] 6.35[4.72; 8.6] 7.45 [6.06; 9.9] 8.32[6.56; 11.2] 0.053
Uric acid, mmol / 1, Me [IQR] 382.3[285.1; 514.2] 438.8 [399.3; 560] 505.4[357.15; 623.34] 0.107
Iron, mmol / 1, Me [IQR] 10.86 [7.25; 11.78] 7.62 [5.8; 11] 6.77 [5.12; 11.2] 0.067
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Table 4

Correlations of renal venous blood flow with laboratory and instrumental data in patients

with DHF at admission and discharge

Parameter On admission At discharge
History of atrial fibrillation, n (%) p=0.007,R=0.24 -
History of CKD p=0.000, R =0.32 -

AKI, n (%)

p=0.041, R=0.25

Stagnation Scale, score

p=0.000, R=0.48

LVEF, n (%)

p=0.021,R=-0.20

LVEF

<40% B ~

41-49% p=0.017,R=-0.21 _
>50%

SPPA, mm Hg »=0.000, R =0.50

Nt-proBNP, pg / ml

»=0.000, R =0.25

p=0000, R=0.30

Creatinine, pmol / 1

»=0.000, R=0.34

»=0.003, R=0.25

GFR, ml/min/ 1.73 m?

p=0.020,R=-0.21

p=0.018, R=-0.21

Iron, mmol /1 p=0.012, R=-0.26 -
p=0.024, R=0.25 —

p=0014,R=0.22 -

Uric acid, pmol /1

Potassium, mmol /1

Table 5

Cox regression analysis for renal venous congestion in terms of a risk of endpoint development

Univariate regression analysis Multivariate regression analysis

OR, 95% CI p OR, 95% CI P
Rehospitalization for DHF 1.97 (1.03-3.75) 0.038 1.93 (1.017-3.67) 0.044
Composite endpoint 2.72 (1.46-5.06); 0.002 2.66 (1.43-4.96); 0.002

Note: OR — odds ratio, 95% CI — 95% confidence interval. The multivariate regression analysis included age, gender, LVEF < 40%, history of
coronary artery disease, arterial hypertension, type 2 diabetes, CKD, and an increase in BMI a week prior to hospitalization.

Fig. 3 and Fig. 4 show the Kaplan — Meier curves
for the cumulative survival probability (rehospitaliza-

tions and composite endpoints) depending on the pres-
ence of renal venous congestion.

1.0 1.0
— Continiuous flow 08 ﬁi‘—._L Continiuous flow
08 | H - - Nt | P— —
i inieine: - S 0.5 Log rank 10.81; p = 0.001
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@ 04 D 04— : : Discontiniuous flow
02} | , | | 0.2,
00| - ! . . 0.0,
o "0 200 00 400 ] 0o 200 00 400

Time (days) Time (days)
Fig. 3. Kaplan — Meier curves for cumulative survival
probability (rehospitalizations) depending on the presence

of renal venous congestion

Fig. 4. Kaplan — Meier curves for cumulative survival
probability (composite endpoints) depending on the presence
of renal venous congestion
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DISCUSSION

In our study, patients with DHF on admission
were characterized by high incidence of venous renal
congestion (in 72.6% of cases), assessed by Doppler
ultrasound of the kidneys. Persistent renal venous
congestion at discharge (in 53.2% of cases) was as-
sociated with the risk of one-year adverse outcomes.
Our data are consistent with those of a recent study
by A. Puzzovivo et al., who also found an associa-
tion of venous renal congestion on ultrasound with
the development of DHF and death during 36- month
follow-up [7].

For many years, renal venous Doppler ultrasound
has been used to assess non-cardiac conditions asso-
ciated with elevated renal interstitial pressure, such as
obstructive uropathy or diabetic nephropathy [8, 9].
However, recent data support the use of this imaging
modality to assess intrarenal hemodynamics in HF
[3, 4, 10].

A study by N. Iida et al., which examined the rela-
tionship of renal Doppler curves with the development
of adverse outcomes among 224 patients with DHF,
showed that discontinuous renal blood flow, including
single-phase flow, had the most unfavorable prognosis
(one-year survival <40%) [3].

According to our results, renal venous congestion
was associated with creatinine, GFR, uric acid, and po-
tassium levels, development of AKI during hospital-
ization, and history of CKD. F. Husain-Syed et al. also
found an association between renal venous congestion
and worsening renal function in patients with HF [11].

The relationships revealed can be explained by the
development mechanism of cardiac and renal dys-
function in HF, in which there is a decrease in car-
diac output, an increase in intra-abdominal pressure,
as well as an increase in venous pressure in the kid-
neys, leading to the occurrence of venous congestion,
including renal one [12]. It is known that even minor
renal damage in patients with HF is associated with
high all-cause and cardiovascular mortality [13, 14].

CONCLUSION

In patients with DHF, the assessment of renal
venous blood flow revealed high incidence of renal
venous congestion and its prognostic value in the de-
velopment of adverse outcomes, which makes it rea-
sonable to use this technique in this group of patients.

Limitations and prospects of the study. The lim-
itations of the study are associated with a small sam-
ple size and a relatively short follow-up period of 12
months.

There is an obvious need for a multicenter clinical
study to investigate the nature of renal venous blood
flow and its impact on the development of cardiovas-
cular complications in patients with DHF.
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